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Polymer Nano-Composites for 
Aerospace Applications 
• Graphene
L d Sili t
Multi-Functional Materials
Reinforcements, Mechanical 
t th i id t t
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s reng  n a w e empera ure 
range- Barrier - Toughness
• Organometallic physical 
crosslink A two-seat F106B jet made 1,496 
thunderstorm penetrations and got struck 
by lightning 714 times during NASA's eight-





Actuation– Thermal, Magnetic, Electrical







Morphing fan casing 
Blended wing body inlet
Flex. packaging
Space deployable structures
National Aeronautics and Space Administration
Graphite and Graphene
Graphite: 
Advantages: Naturally abundant material    , 
Low cost
Graphene 
- Mechanical  peeling
- CVD
- Acid intercalation, thermal shock, sonication 






































































Average of 3 mic.
•resistivity in the range of 50μΩ cm
•98.7% transmission normal to the incident beam 
for the first layer, 2.3% reduction for the next layers in vacuum
•Thermal conductivity: ~ 3000 W/mK
•Field effect mobility of 200 000 cm2/Vs1
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Graphene Surface and Interface







•SP2 hybridization for electron transport
van der Waal Interaction (aromatic structures)
  
•Combination of sp3 and sp2 hybridization 
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Epoxy Graphene Nanocomposites-
Reinforcement P l +o ymer
Objectives:
• To determine the effects of  graphene addition and surface modification 
on the thermal and dynamic modulus, fracture toughness of the low 
content graphene nanocomposites.
Dispersion via sonication
Epoxy: Epon 826 
Chemical and heat resistance
Good to excellent mechanical properties Durability long term
Epoxy 
Reinforcement, toughness 
and  thermal properties









• High shear mixing
J ff i D230 l th i ( i t i t d PPG)
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- Morphology; electron 
microscopy









Amino propyl polydimethyl siloxane
graphene, sp2, and sp3
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XPS, O- Graphene Surface
XPS
A range of carbon oxygen moieties with 7% atomic oxygen 





O1s binding energy: 532. 3 eV
ketone, ester, or acetate 
O1s binding energy: 533 73 eV
C1s: 285.07, 286.78, 289.2, 291.48, 294.19 
eV
Bonding energies: ester, carboxylic, ether 
cabon hydroxyl carbon phenolic
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Epoxy Graphene Nanocomposites
Fracture Toughness
Mode I Fracture Toughness
The fracture toughness improved with
Low graphene content, where further 
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graphene in epoxy 
0.05wt%
Reduced graphene in 
epoxy
O-graphene in epoxy
Good dispersion was obtained in all nanocomposites
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SEM
Fractured, O2 plasma treated surface of PDMS-Graphene epoxy nanocomposites
0.5 wt% PDMS-graphene Nanocomposites
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Concluding Remarks  
• Low graphene content (0.05-0.5 wt%) graphene epoxy nanocomposites 
using reduced graphene O graphene and surface modified graphene  , - ,     
were prepared by solution mixing.
• All nanocomposites exhibited improvements in glass transition 
temperature, modulus, thermal stability, and fracture toughness. 
• TEM studies showed good dispersion of graphene in the epoxy resin 
matrix.
• SEM micrographs indicated crack generation and energy dissipative 
phenomena in the graphene nanocomposites compared to neat epoxy.
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